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Abstract :"The solid-earth-tide models IERS1992 and IERS2003 are used to analyze some CPS-baseline, verti-
cal-component and zenith-tropospheric-delay data from the Crustal Movement GPS Continuous Observation Net-
work of Shandong and IGS stations. The results show that the differences between the baselines computed with 
the different models are at sub-millimeter level, and the differences in vertical component is direct proportional 
to station latitude. Also the amplitude of ZTD differences is about 0. 6-1. 0 mm, which is 6% .S% of the ampli-
tude of solid-earth-tide differences. Although these effects are quite small,to analyze non-tidal deformation cor-
rectly, we should still use a single standard for processing GPS data. 
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1 Introduction 
The Global Positioning System ( GPS) technology has 
become a useful tool for studying crustal movement and 
geodynamics in recent years. The accuracy of long-
range GPS observation is now as high as 10 _,[I] , which 
is 2 - 3 orders of magnitude higher than that of tradi-
tional geodetic methods[']. GPS results are also playing 
an increasingly important role in forecasting areas of 
high earthquake risk in China Mainlaod['l. 
When using GPS technology to monitor crustal move-
ment , we need to take into account errors of satellites, 
receivers and propagation path, as well as a number of 
other non-tectonic deformational factors, such as, solid 
earth tide , ocean tide , pole tide , atmospheric gravity, 
snow and soil water. These errors should be analyzed 
and removed in order to obtain accurate values for tec-
tonic deformation [ 4 J • Among these non -tectonic varia-
bles, solid-earth tide, which is a periodically fluctuating 
deformation caused by gravitational effect of the sun 
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and the moon, is the most influential [Sl. 
Although studies on solid earth tide over the past 30 
plus years has produced a new set of tide studying sys-
tems and models, IERS92 remains to be the default sol-
id earth model in most GPS data processing soft-
ware[']. For example, the GAMIT/GWBK software 
package, which is widely used worldwide, did not add 
the newer IERS03 model until 2005 [? .•l. 
In this paper, we give an introduction to the 
IERS2003 model , describe its improvement over the 
standard IERS1992 model, and by using actually ob-
served GPS data, analyze the influence of these two 
models on GPS baselines , radial coordinates and tropo-
spheric zenith delay. 
2 Effect of solid earth tide on site 
displacement 
The effect of solid earth tides on the displacement of 
observation site is expressed through Love and Shida 
numbers. The radial component is computed with Love 
number h= of the corresponding spherical harmonic of 
degree and order ( nm) , and the horizontal component 
is computed with Shida number l nm. These parameters 
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vary with station latitude and tidal frequency[']. Tills 
correlation is necessitated by the flatness of the spheri-
cal earth , the earth ' s rotation and the mantle ' s visco-
las • • [IO II] Th" Ja • h b tak • e tlmty ' . 1s corre tlon as een en mto ac-
count in both IERS92[ 12l and IERS03[ 13J, but is done 
more thoroughly and in detail in the later model. 
We compute the effect of solid Earth tide on site dis-
placements in two steps. 
Step 1 : Corrections in time domain 
In the first step, we use the expressions for both degree-
2 and degree-3 tidal potentials in the time domain. The 
nominal values of Love and Shida numbers are used in 
common for all tidal components and all stations. 
( 1 ) Displacement caused by degree-2 tides 
The displacement vector S7 is computed with the fol-
lowing equation in both IERS92 and IERS03 : 
st ~ GMit.{ A 3 ··2 
= ~ GM., R: h2 r( T(Rj r) 
- ; ) + 3l2CiVHkj- Ckj n rJ} C1) 
Where GM., is the grsvitational constant of the Earth, 
GMj is the grsvitational constant of the Moon (j = 2 ) or 
the Sun(j=3) ;R. is earth's equatorial radius;k and 
J 
Ri are , respectively, the unit vectors and distance from 
the center of the earth to the moon or sun ; T and r are, 
respectively , the unit vector and the distance from the 
center of the earth to the station. 
IERS03 assumes that the Love and Shida numbers in 
equation ( 1) may be substituted by corresponding val-
ues related to latitude. For example, h2 = h (O) + h (2 ) 
[ ( 3/2) sin(p - 1/2] ; for l2 there are similar expres-
sions (h(o) =0. 6026,l(o) =0. 0831; for visco-elastic 
earth,h(O) :0. 6078,h(Z): -0. 0006,l(O) :0.0847, 
l( 2) = 0. 0002). But this effect is small, no more than 
0. 4 mm and 0. 2 mm in radially and tranaverse direc-
tions , respectively. 
IERS03 also requires the following computation 
steps,(2)-(4) ,which are not required by IERS92. 
( 2) Displacement caused by degree-3 tides 
The vector displacement caused by degree-3 tides is 
given by: 
3 GM.R' 
.rt= I eM' ~{h3 r( 25 Ckr)3- 23 Ckr)) ]=2 ()) j J '} 
+ z3c 1iCkJ)'- ; Hkj- CkJ) rl} (2) 
The Love numbers of the degree-3 tides may be 
taken as real and constant in the computation to the de-
gree of accuracy required here. Since the sun's contri-
bution is quite ignorable , only the moon ' s contribution 
(j = 2 ) needs be computed. The horizontal component 
of the displacement does not exceed 0. 2 mm, but the 
radial displacement can be as much as 1. 7 mm. 
( 3) Transverse displacement due to lc1J 
This term also originates from the correlation between 
Shida number and site latitude , and only makes correc-
tion in the horizontal displacement ; the visco-elastic 
effect is ignorable. Through this effect, the diurnal and 
semi -diurnal tides can cause horizontal displacements 
of up to 0. 8 mm and 1. 0 mm, respectively. 
Let ( <Pj, Aj) be the body-fiXed geocentric latitude 
and east longitude (from Greenwich) of Moon or Sun , 
respectively. The matching Cartesian coordinates ( Xj , 
lj , Z) is used in the following formnlas : 
I 3X.Z. 
P 2 ( sin<Pj) cos A j = ----',-'-Rj 
1 3Y.Z. P2 ( sin<P) sinAi =----',-'-
Ri 
r, ( sin<P) cos2A j = ; 2 ( XJ - YJ ) 
J 
r,1 ( sin<Pj) sin2Aj = ~Xjlj 
J 
(3a) 
(3b) 
(3c) 
The contribution of the diurnal tides ( with l(l) = 
0. 0012)is: 
3 
irt = -l'1> sinq> I, 
j=2 
[sinq>cos(A- A) n- cos2q>sin(A- A) e] (4) 
The contribution of the semi-diurnal tides (with zCI) 
=0. 0024)is: 
..,... 1 (1) ~ GM.Jt, 2 
0 < = - -2 l sinq>COSq> k 
1 
3P 2 ( sin<P) X j·2 GM.,Rj 
[cos2(A- A) n + sinq>sin2(A- A) e] (5) 
Where ' il and e are ' respectively' the northward and 
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eastward unit vectors in the reference frame centered at 
the site. 
( 4) Out-of-phase contribution from the imaginary 
parts of h <•J and l <•J 
"" 2m 
In order to take the mantle ' s visco-elasticity into ac-
count, we need to introduce imaginary parts h 1 and l1 
into Love and Shida numbers. The radial and transverse 
displacements introduced by diurnal tides are : 
rt 3 1 ~ GMR'; 
o' = --2 I "-
1 
3 sin2«Pi x i=' GM.,Ri 
[cos2cpsin(A- A) n + sincpcos(A- A) e] 
with h1 = -0.0025,11 = -0.0007. 
The contributions of semi diurnal tides are : 
GM.R'; ' ' 1 
..,cos «Picos cpsin2(A -A) 
GM.,ni 
..-. 3 1 ~ GM.R'; 2 
ot=--4 1"-
1 
3cos«Pix i=' GM.,Ri 
(6a) 
(6b) 
(7a) 
[cos2cpsin2(A- A) n- 2coscpcos2(A- A);;] (7b) 
with h1 = -0.0022,11 = -0.0007. 
The out-of-pbase part of the zonal tides has no ex-
pression in the time domain. 
Step 2 : Corrections in frequency do-
main 
In Step 2, intra-band variations of h!;",.l and tj';! are con-
sidered, while the imaginary parts are negligible. For 
the zonal tides, however, the intra-band variation of the 
imaginary part has to be considered also. 
( 1) Corrections due to frequency variation of Love 
and Sbida numbers 
In IERS03 , the following equations are used to make 
corrections for the radial and transverse displacements 
/)rand irt: 
15r = [15R?)sin(01 +A) 
+ 15Rj"l cos ( 01 + A) ] sin2cp (Sa) 
irt = [15Tj~lcos(01 +A) - 15Tj"lsin(01 +A)] e sincp 
+ [15T?lsin(01 +A) - 15Tj"lcos(01 +A)] 7icos2cp 
(Sb) 
Where 
(Sc) 
Where l5h ; and l5h 5 are the differences h (O)R of h (O)J 
and at frequency f from the nominal values h2 and h1 , 
respectively. The expressions for Shida numbers are 
similar. 
IERS92 makes this correction only for K1 tidal com-
ponent of the terrestrial harmonic waves. In contrast, 
IERS03 gives 11 terrestrial harmonic tidal components 
and two sets of parameters, respectively, for the elastic 
and the visco-elastic mantle. When the contribution of 
each tidal component ;:=::0. 05 mm, this term is consid-
ered. 
The corrections /)r and B1 respectively for radial and 
transverse displacements due to a zonal tidal term of 
frequency/, including both in-phase ( ip) and out-of-
phase ( op) parts , are given by : 
15r = ( l_sin2 m - _!__) ( 15R(~) cosO + 15R(Op) sinO ) ( 9a) 2 ..-2 I I I I 
Where 
(9c) 
( 
15Tt~l ) 3 jlir ( Sl") I __ -H I 
15Tj"l - 2 41T I - Sl5 
( 2) Permanent deformation 
The permanent deformation generated by degree-2 zon-
al tides must be deducted from the displacements ac-
cording to equation ( 1 ) . The radial displacement intro-
duced by the permanent deformation is calculated by : 
/)r = [ -0. 1206 +0. 0001P2 ( sincp) ]P2 ( sincp) (lOa) 
and the transverse displacement by : 
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irt = [ -0.0252-0. 0001P2 (sinl") ]sin21" 
Where P 2 ( sin10) = 3 ( sin210 -1 )/2 
(lOb) 
From formula ( 10) we see, the radial displacement 
introduced by permanent deformation amounts to about-
12 em at the poles, and about + 6 em at the equator. 
3 Data processing and analysis of re-
sults 
Having given a brief introduction to the IERS03 model, 
we now proceed to analyze the effects of both models on 
some GPS data from the Crustal Movement Observation 
Network (6 stations) and IGS (7 stations) in 2007. 
The data was processed with GAMIT/GLOBK software; 
the processing method and parameter setting are as fol-
lows: 
+ IGS' s final precise ephemeris is used, with con-
straints of 10 _, order-of-magnitude on satellite orbits. 
+For polar motion and UTl (world time after modi-
fication for polar motion) , we use the Buii_A value 
provided by USNO, and impose a strong constraint. 
+To correct for site crustal deformation generated by 
ocean tide, we use the FES2004 global ocean-tide 
model , and at the same time take into account the 
change of the Earth ' s center of mass generated by o-
cean tide. 
+To eliminate ionospheric delay, we use LC linear 
combination. 
+The mapping function we used is that of GMF;one 
tropospheric-delay parameter value is estimated ev-
a RIZH-cASH ( 148, 434.3 m) 
~ 0.0006: 8=0.08 
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0 DOY (2007) 
ery 2 hours at each site. To take care of the inhomo-
geneity of atmosphere , we add a horizontal-gradient 
parameter in each of the west-east and south-north 
directions for each site. 
+The cut-off elevating angle is set to 10° the obser-
vation error is estimated, using the model rms = a2 + 
b2/sin(elev) 2 (mm) ,where a and b values in the 
model are obtained by fitting the residual errors. 
The results are as follows : 
3. 1 Difference between baselines 
To illustrate the different effects of IERS03 and IERS92 
on baselines , we show in Fig. 1 the differences of four 
typical baselines computed with these models for a cer-
tain site. Although the effect of solid -earth tide at this 
site is relatively large, with amplitude as large as 40 
em [ "l , the differences between the baselines are small , 
the standard deviation being at sub-millimeters level but 
increasing in direct proportion to the length of baseline ; 
the deviation shows random distribution with a maximum 
value of ± 3 mm. Thus, the effect of using different mod-
els should not be ignored for longer baselines. 
3. 2 Differences in radial direetion 
GLOBK software is used to process the results of both 
the local network and the global network SOPAC, and 
Kabnan filter is used in GLOBK to compute the site co-
ordinates. The result shows that the effects of using the 
two different models on data in radial direction are 
small, but the standard deviation is approximately pro-
portional to site latitude ( Fig. 2) . 
Figure 1 Time series of baseline differences ( S is standard deviation, unit is mm) 
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Figure 3 The comparison of solid differences and ZTD differences 
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3. 3 Differences in solid-earth tide and in tropo-
spheric-zenith delay 
In data processing, we use Saastam.oinon model to cor-
rect for the tropospheric delay, and random process to 
simulate its deviation. The tropospheric delay, especial-
ly its wet component, has strong spatial and temporal 
variability, so we smooth the results to obtain the trend 
line. The differences of ZTD show obvious periodicity, 
and are inversely proportional to the differences of the 
solid-earth tide. The amplitude of ZTD differences is a-
bout 0. 6 -1. 0 mm, which is 6% -8% of the ampli-
tude of solid-earth-tide differences, which in turn is 16 
- 18% smaller than the computed values by Wat-
son[s]. 
4 Summary 
Compared with IERS92 , the IERS03 model has made 
the following improvements : ( 1 ) In site-displacement 
computation, the visco-elasticity of mantle is taken into 
account ; ( 2 ) the complex Love number is used ; both 
out -of -phase and in -phase terms are included in the 
computation; ( 3 ) more tidal components and higher or-
der tidal effects are included; and ( 4 ) the displacement 
precision reaches sub-millimeter level. 
The differences between baselines computed with 
IERS03 and IERS92 are very small, the standard devia-
tion being at sub-millimeter level and proportional to 
the length of the baselines. The deviations show random 
distribution , and the maximal deviation can reach ± 3 
mm. Thus the effect on longer baselines should not be 
ignored. 
In terms of 24 hours average values , the effects of 
the two models on data in radial direction are small. 
The standard deviation varies basically in direct propor-
tion to site latitude. 
The differences of ZTD show obvious periodicity, and 
are in inverse proportion to the differences of solid-earth 
tide. The amplitude of the former is about 0. 6 - l. 0 
mm, which is 6% - 8% of the amplitude nf the latter. 
Since most large - scale high -precision GPS observa-
tions have adopted a 24 hours observation scheme , the 
effect of diurnal tidal variation is reduced even without 
the use of these models. The effect of long-term tidal 
variation on positioning detennination is relatively 
small, but can be further reduced by using the relative-
positioning models. Therefore , in order to analyze the 
non-solid-tide deformation nf GPS sites more accurate-
ly, we should still use a common standard to make cor-
rection for the effect of solid-earth tide, especially for 
longer baselines. 
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